Summary. Endothelial cell function in Type 1 (insulin-dependent) diabetic patients, both with and without retinopathy, was assessed by measuring the plasma fibrinolytic activity and fibronectin after 10min venous stasis induced by a sphygmomanometer cuff. After venous stasis, diabetic subjects with proliferative refinopathy had fibrinolytic responses (median 0.13 increasing to 0.26 U/ml) in the low normal range, which were significantly less (p<0.005) than control subjects (0.17-0.68 U/ml) and diabetic patients with minimal retinopathy (0.16-0.68U/ml; p<0.01). Plasma fibronectin levels were similar in the different groups, but after venous stasis, rose significantly in the diabetic patients, both in those with proliferative retinopathy (mean 317-399 ~Lg/ml; p < 0.002) and without retinopathy (312-371 txg/ml; p<0.05) but not in normal subjects (304-333 lxg/ml). These changes in fibrinolytic activity and fibronectin were independent of blood glucose, glycosylated haemoglobin, or indices of sensory or autonomic nerve function. These disturbances of endothelial function, together with known abnormalities of haemostatic variables and microvascular reflexes, might convert a usually temporary obstruction of capillary blood flow into a pathological capillary closure, and might contribute to the inexorable progression of advanced diabetic microangiopathy in spite of good diabetic control.
The factors promoting diabetic microangiopathy are uncertain, and may involve platelet and coagulation abnormalities [11, and abnormal microvascular reflexes [21. Local endothelial responses may be involved, with increased factor VIII related antigen in diabetic retinopathy [3, 4] indicative of endothelial dysfunction.
The endothelium produces plasminogen activator [5] and there are contradictory reports concerning fibrinolytic activity in diabetes in man [6] [7] [8] [9] . Decreased fibrinolytic activity in response to venous stasis has been reported in diabetic patients with and without retinopathy, with a trend to those with long duration of diabetes and with retinopathy having a greater impairment [7] . In these studies, the patients have not been closely matched with control subjects, and have included different types of diabetes on different therapies.
Fibronectin is a glycoprotein present in plasma and in tissues where it acts as an adhesive [10] . It is produced by the endothelium [11, 12] and may affect the adhesion of blood cells to the endothelial surface [13] . It is found in increased amounts in the capillary walls and mesanglum of diabetic glomeruli [14] and in the coronary arteries of diabetic subjects [15] .
Fibrinolytic activity in blood increases after venous stasis [16] , but the response of fibronectin has not been studied. We have investigated the plasma fibrinolytic and fibronectin changes after either venous stasis or ischaemia in the forearm of patients with Type 1 diabetes who have developed retinopathy, in a control group of long-standing diabetic patients with minimal evidence of microangiopathy, and in normal subjects.
Subjects and methods

Subjects
Two groups with long-standing Type I diabetes were studied (Table 1) . Their basal insulin requirement was supplied by once daily ultralente insulin, and the prandial requirement by twice daily soluble insulin [17] . Eleven had proliferative retinopathy documented by colour photographs and fluorescein angiography. A second group of 10 patients had 'nil/minimal' evidence of retinopathy (fewer than five microaneurysms in a 30 ~ colour photographic field) despite a slightly longer duration of diabetes and no proteinuria. Sensory neuropathy of patients was assessed by measurement of vibration sensory threshold using the top scale of a biothesiometer [18] (Biomedical Instruments, Newbury, Ohio, USA), the precision (+ 1SD) being 1.3 u. The patients with proliferative retinopathy were less sensitive than those with- Table 1 ). Autonomic neuropathy was assessed by the response to standing by measuring the degree of RR interval shortening at about 15 beats and lengthening at about 30 beats [19] . The RR variability in response to five deep breaths was also measured. The patients with proliferative retinopathy had a slight, but not significant impairment compared with those without (p < 0.1).
A group of 13 normal subjects with similar age, sex and body weight was studied during the same period (Table 1) . None had a history of angina, myocardial infarction or other major vascular event.
The study was approved by the Ethics Committee of the Oxford Area Health Authority, and all patients gave informed consent.
Blood sampling
Samples were taken in hospital in the mid-morning, after the diabetic patients had their normal insulin and breakfast at home. All were rested for at least 30 rain in a room whose ambient temperature was kept between 20.5 ~ and 24.4 ~ At the start of the test, a blood sample was taken with minimal venous compression for basal fibrinolysis and fibronectin, and for glycosylated haemoglobin level, assayed by the thiobarbituric method [20] and plasma glucose level measured by a glucose oxidase method (GOD-PERID, Boehringer, Mannheim, FRG).
Using a sphygmomanometer cuff, forearm venous stasis was achieved with a pressure of 80 mmHg. After 10 min, a further sample was taken after insertion of an indwelling butterfly cannula. The cuff pressure was released, and blood samples were then taken at 10.5, 11, 12 and 15 rain.
Blood was anticoagulated with one-tenth volume trisodium citrate (0.1 tool/l) and all samples were kept on melting ice until the last sample was drawn. Blood was centrifuged at 2800 g for 10 min at 4 ~ and fibrinolytic activity measured within 30rain, Euglobulin fractions were prepared and fibrinolytic activity measured using the fibrin plate method [21] . Lysis areas were converted to units by reference to a standard curve prepared from dilutions of purified urokinase (0.01-10 Committee of Thrombolytic Assay units/ml, Choay Institute, Paris, France). In view of the uncertain significance of the basal results, the absolute values after venous stasis were examined. Plasma citrate samples were stored at -20 ~ for later spectrophotometric assay of fibronectin, using an immunoturbidometric method (Boehringer, lngelheim, FRG). All samples were corrected for citrate dilution and haemoconcentration using the formulation:
where PCV1 is the initial packed cell volume and PCV2 is the packed cell volume for the subsequent sample [22] .
Subjects also had vascular reactivity measured after 10 min forearm ischaemia induced by a sphygmomanometer cuff at 200 mmHg, using a transcutaneous oxygen monitor (Hellige, Freiburg, FRG) as reported previously [2] . Some subjects also had samples taken for fibrinolytic activity and fibronectin at the end of the ischaemic period.
Statistical analyses
Statistical analysis was by Student's t-test (two-tailed) and correlation coefficient, except for non-parametric data which are expressed as medians, when the Mann Whitney U test and Spearman rank correlation [23] were used.
Results
The fibrinolytic activity before and after 10 min of venous stasis in the diabetic patients with and without retinopathy and in the normal subjects is shown in Figure 1 . There was no difference in the unstimulated activity in the three groups. However, at 10, 10.5 and 11 min, the group with proliferative retinopathy had a significantly reduced response compared with the normal subjects, the difference being greatest at 10min (medians of the 0 and 10 min values were, respectively: 0.13 and 0.26 versus 0.17 and 0.68 U/ml; p< 0.005). The patients with proliferative retinopathy had values in the low normal range. Compared with the 'nil/minimal' retinopathy group (medians of the 0 and 10 min values respectively: 0.16 and 0.68 U/ml), the proliferative retinopathy group had a significantly reduced response, the difference being greatest at 10 min (p< 0.01). There was no difference between the control subjects and the 'nil/minimal' retinopathy group at any time point.
Blood glucose, glycosylated haemoglobin and body mass index are shown in Table 1 . There were no significant differences between the diabetic groups with and without retinopathy. The fibrinolytic activity did not correlate significantly with the plasma glucose or glycosylated haemoglobin levels, The plasma fibronectin levels were similar in all three groups. Figure 2 shows the response of plasma fibronectin to venous stasis in the two diabetic groups, with a significant increase following venous stasis in the 'nil/minimal' retinopathy group (mean+_SD of the 0 and 10min values were respectively: 312+65 and 371 +61 p.g/ml; p<0.05) and in the proliferative retinopathy group (317 + 96 and 399 + 71 ~tg/ml; p < 0.002) but not in the normal subjects (304_+57 and 333+ 82 ~tg/ml; NS) The rise in fibronectin after venous stasis (using a mean of values at 10, 10.5 and 11.5 rain) was greater in the proliferative retinopathy group compared with normal subjects (p<0.03) and the 'nil/minimal' group compared with normal subjects (p<0.05). There was no difference between the two diabetic groups. There was no correlation between basal or stimulated fibronectin and plasma glucose or glycosylated haemoglobin.
Fibrinolytic activity did not correlate significantly with the plasma fibronectin, with the hyperaemic response to ischaemia or to glycosylated haemoglobin or ambient blood glucose. Similarly, plasma fibronectin responses did not correlate signifcantly with the hyperaemic responses, glycosylated haemoglobin or blood glucose.
495
Fibrinolytic activity was assessed following 10 min forearm ischaemia in 10 control subjects and seven diabetic patients with 'nil/minimal' retinopathy. There was no rise in any group (basal, the mean of the 10 and the mean of the 11 min values were respectively: 0.17 and 0.12 U/ml, 0.26 and 0.30U/ml and 0.13 and 0.13 U/ ml). Fibronectin response to ischaemia was assessed in three control and seven diabetic subjects (two without, five with retinopathy). There was no rise in either group (basal increasing to mean 10 and 11 rain, 341 to 350 ~tg/ ml, and 340 to 343 p~g/ml, respectively).
Discussion
This study shows that diabetic patients with proliferative retinopathy had a reduced fibrinolytic activity in response to venous stasis, in the low normal range, although their unstimulated levels were comparatively normal. In contrast, patients who were specifically selected with a similar or slightly larger age and duration of diabetes, but who had not developed retinopathy, had a normal response. The diabetic state alone is not responsible for the defect. These results could be explained by either (1) microangiopathy resulting in failure of the vessel wall to respond to distension, or (2) by a low-normal release of fibrinolytic activity being a factor in the genesis of microangiopathy. The response is not secondary to ischaemia as neither normal nor diabetic subjects showed any response to 10 min with the sphygmomanometer cuff at 200mmHg. The mechanism of plasminogen activator increase after venous stasis is poorly understood [5] , but is likely to arise from distended capillaries. The low normal responses of diabetic patients with proliferative retinopathy may reflect a reduced number of capillaries in the hand and forearm, similar to that leading to retinal disease. The absence of correlation between fibrinolytic activity and variables of peripheral or autonomic nerve function suggests that the problem is not primarily one of innervation as suggested previously [7, 25] , but is at the local endothelial level. The lack of correlation with cutaneous hyperaemia following forearm ischaemia supports other work suggesting that the flbrinolysis release is independent of blood flow responses [24] . These data do not support the view that blood glucose control directly affects fibrinolytic activity [25] . Low fibrinolytic activity in the blood does not necessarily correlate with low histological plasminogen activator in the vessel walls, and it has been suggested that the low blood level is due to defective release of plasminogen activator [26] .
Plasma fibronectin has been reported previously to be normal or raised in diabetes, with a suggestion that patients with retinopathy are particularly affected [27] . In this study, basal levels were similar in the normal and diabetic subjects, with sampling done carefully with minimal venous compression. However, after venous stasis, both diabetic groups had a significant rise. Those with proliferative retinopathy had a slightly greater, but non-significant, rise than those without retinopathy. Although fibronectin levels did rise slightly in the normal subjects this rise did not achieve statistical significance.
The abnormal fibrinolysis and fibronectin responses, regardless of their cause, may be factors promoting and perpetuating diabetic microangiopathy by impairing the ability of the microvasculature to dispose of an obstruction, including red cell rouleaux, a platelet aggregate or fibrin strands. The inter-relationship of abnormal vasoregulatory and haemostatic responses has been proposed in the pathogenesis of other ischaemic diseases [28] . These responses might convert an otherwise temporary obstruction into pathological capillary closure, and might contribute to the inexorable progression of advanced renal microangiopathy [29] or retinopathy [30] in spite of excellent metabolic control. Further studies are needed to determine whether patients with a low fibrinolytic response are a subgroup who are at increased risk of microangiopathy.
